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What is claimed is : 



1. 



A semiconductor device 



having a semiconductor multi-layer 



structure which includes at least an active layer having at least a quantum 
5 well, and said active layer further including at least a luminescent layer of 
In x Al y Gai - x - y N (0<x< 1 , 0^ y ^ 0.21 

wherein a threshold mod^ gain of each of said at least quantum 
well is not more than 12 cm 1 , and 

wherein a standard deviation of a microscopic fluctuation in a 
10 band gap energy of said at least luminescent layer is in the range of 75 mcV 
to 200 meV 



2. 



The semiconductor device as claimed in claim 1, wherein a 



differential gain "dg/dn" of said at least active layer satisfies 0.5 X 10-20 
15 (m2) ^ dg/dn ^ 0.7 X 10-20 ( m 2 



3. The semiconductor device as claimed in claim 1, wherein said 

fi 

semiconductor device has an internal loss "04" (cm-l) which satisfies ct[^ 
12 X n - Q, m (cm-1), where "\0i m " is a mirror loss, and "n" is a number of 
20 said at least quantum well. 



4. The semiconductor device as claimed in claim 1, wherein said 

semiconductor device has J slope efficiency "S" (W/A) which satisfies : 

S ^ 3X{a m //(12Xn)}X[{(l-R 1 )/' (R 2 )}/{(l-V^ (RiR 2 ))* 
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(/" (Ri)+/" (R 2 ))}], where "Rr is a first reflectance of a first cavity facet, 
from which a light is emitted, "R2" is a second reflectance of a second 
cavity facet opposite to said first cavity facet, 7 0i m " is a mirror loss, and 



"n" is a number of said at least quantum welL 



5. The semiconductor device as claimed in claim 4, wherein said 

semiconductor device has a cavity length "L" of not less than 200 
micrometers, and each of said first and Second reflectances "Ri" and "R2" 
is not less than 80% and less than 100%, and said slope efficiency "S" 



satisfies S^1.4/n (W/A). 



6. The semiconductor device as claimed in claim 1, wherein said 

semiconductor device has a /photo-luminescence peak wavelength 
distribution of not more than 40 meV. 



7. The semiconductor /device as claimed in claim 1, wherein said 

semiconductor multi-layer ^structure comprises a gallium-nitride-based 
multi-layer structure. 



8. The semiconductor device as claimed in claim 7, wherein said 

gallium-nitride-based mu/lti-layer structure extends over a gallium-nitride- 
based substrate. 



9. The semiconductor device as claimed in claim 7, wherein said 
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gallium-nitridc-based multi-layer structure extends over a sapphire 
substrate. 



10, The semiconductor device as claimed in claim 7, wherein said 

gallium-nitride-based multi-layer structure extenos over a substrate having 
a surface dislocation density of less than 1 X 10§7cm2> 



11- A semiconductor device having /a semiconductor multi-layer 

structure which includes at least an active |ayer having at least a quantum 
well, and said active layer further including at least a luminescent layer of 
In x AlyGai- x . y N (0<x<l, O^y^O.2), 

wherein a threshold mode gain of each of said at least quantum 
well is not more than 12 cm- 1 , and 

wherein a differential gain/"dg/dn" of said at least active layer 
satisfies 0.5 X 10-20 (m2)^dg/dn^0.<7 X 10-20 ( m 2). 



12. The semiconductor device as claimed in claim 11, wherein a 

/ 

standard deviation of a microscopic fluctuation in a band gap energy of said 

/ 

at least luminescent layer is in the /range of 75 meV to 200 meV. 



13. The semiconductor device as claimed in claim 11, wherein said 

semiconductor device has an internal loss " ol [" (cm-l) which satisfies ol 

/ 

12 Xn -a m (cm- 1 ), where " <x l m " is a mirror loss, and "n" is a number of 
said at least quantum well. ^ 
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14. The semiconductor device as claimed in claiifo 11, wherein said 

semiconductor device has a slope efficiency "S" (W/A) /Which satisfies : 

S ^ 3X{a m /(12 X n)} X [{(l-R!)/" (Ri)}/{(l-/"(RiR 2 )) X 
(/" (Ri)+v r (R 2 ))}], where "Ri" is a first reflectance/jf a first cavity facet, 
from which a light is emitted, "R2" is a second Reflectance of a second 
cavity facet opposite to said first cavity facet, " oc m " is a mirror loss, and 



"n" is a number of said at least quantum well. 




15. The semiconductor device as claimed in claim 14, wherein said 



semiconductor device has a cavity length/ "L" of not less than 200 
micrometers, and each of said first and second reflectances "Ri" and "R2" 



is not less than 80% and less than 100%/ and said slope efficiency "S 
satisfies S^1.4/n (W/A). 



77 



16. The semiconductor device as claimed in claim 11, wherein said 

semiconductor device has a photo-luminescence peak wavelength 

/ 

distribution of not more than 40 meV / 



* 

i 



17. The semiconductor device Is claimed in claim 11, wherein said 

semiconductor multi-layer structure comprises a gallium-nitride-based 
multi-layer structure. 



18. The semiconductor device as claimed in claim 17, wherein said 



"age 87 



'01 09/03 MON 20:27 FAX 03 3402 4660 



Pf-2871/nec/us/mh 



I i 



gallium-nitridc-based multi-layer structure exteAds over a gallium-nitride- 



based substrate, 



19. The semiconductor device as claimed in claim 17, wherein said 

5 gallium-nitride-based multi-layer structure extends over a sapphire 
substrate* 



20. The semiconductor device yas claimed in claim 17, wherein said 

gallium- nitride-based multi-layer structure extends over a substrate having 
10 a surface dislocation density of less/than 1 X 10& /cm 2 . 



21. A semiconductor device having a semiconductor multi-layer 

structure which includes at least an active layer having at least a quantum 

well, and said active layer further including at least a luminescent layer of 

/ 

15 In x Al y Gai-x-yN (0<x<l, 

wherein said semiconductor device has an internal loss " ct {'* 

J 

(cm-l) which satisfies Of i^jl2Xn -a m (cm-1), where "a m " is a mirror 

loss, and "n" is a number of said at least quantum well, and 

I 

wherein a standard deviation of a microscopic fluctuation in a 
20 band gap energy of said atllcast luminescent layer is in the range of 75 meV 
to 200 meV. 



22. The semiconductor device as claimed in claim 21, wherein a 

differential gain "dg/dn'j[ of said at least active layer satisfies 0.5 X 10~ 20 
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(m2)^dg/dn^0.7X 10-20 (jrn2). 




23. The semiconductor device as claimed in claim 21, wherein a 



threshold mode gain of each df said at least quantum well is not more than 
5 12 cm-1. 



24. The semiconductor 



device as claimed in claim 21, wherein said 



semiconductor device has a slope efficiency "S" (W/A) which satisfies : 



S ^ 3X{a m /(liXn)}X[{(l-Ri)/" (R2)}/{(1-/" (RiR2»x 

10 (/~(Ri)+/~(R2))}], where "Ru" is a first reflectance of a first cavity facet, 

f 

from which a light is emitted, "R2" is a second reflectance of a second 



cavity facet opposite to said first cavity facet, " 0s m " is a mirror loss, and 
"n" is a number of said at least quantum well. 

I 

I 

15 25. The semiconductor deffce as claimed in claim 24, wherein said 



>f device 

f V 

a cavto 



semiconductor device has ;a cavity length "L" of not less than 200 

I 

.< 

micrometers, and each of said first and second reflectances "Ri" and "R2" 
is not less than 80% and less than 100%, and said slope efficiency "S" 



satisfies S^1.4/n (W/A). 



26. The semiconductor device as claimed in claim 21, wherein said 

I 

semiconductor device has a photo-luminescence peak wavelength 
distribution of not more than 40 meV* 

I 
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27. The semiconductor device as claimed irf claim 21, wherein said 
semiconductor multi-layer structure comprises a gallium-nitride-based 
multi-layer structure. 



28. The semiconductor device as claimed in claim 27, wherein said 

gallium-nitride-based multi-layer structure extends over a gallium-nitride- 
based substrate. 



29. The semiconductor device js claimed in claim 27, wherein said 

gallium-nitride-based multi-layer structure extends over a sapphire 



substrate. 



30* The semiconductor d&wet as claimed in claim 27, wherein said 
gallium-nitride^based multi-layer structure extends over a substrate having 
a surface dislocation density of less than 1 X 10& /cm2. 



31. A semiconductor device having a semiconductor multi-layer 

structure which includes at leasi an active layer having at least a quantum 
well, and said active layer further including at least a luminescent layer of 
InxAlyGai- x -yN (0<x<l, 0^y^0.2) 5 

wherein said semiconductor device has an internal loss "aj" 

X n - a m (cm-1), where " a m " is a mirror 
d at least quantum well, and 



(cm-l) which satisfies 0:^12 
loss, and "n" is a number of s& 



ii 



wherein a differential gain "dg/dn" of said at least active layer 
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satisfies 0,5 X 10-20 ( m 2)^dg/dn^0.7 X lQ-W ( m 2). 



32. The semiconductor device as claimed in claim 31, wherein a 

standard deviation of a microscopic fluctuation in a band gap energy of said 
at least luminescent layer is in the range of 75 meV to 200 meV 



33. The semiconductor device claimed in claim 31, wherein a 

threshold mode gain of each of said at Jeast quantum well is not more than 
12 cm-1. 



34. The semiconductor device as claimed in claim 31, wherein said 

«— — Cevice has a Lency "S" (W /A) w hich ^ : 

S ^ 3 X { a m /(12 ></n)} X [{(l-Rx)/" (R 2 )}/{(1-^ (R1R2)) X 
(V~ (Ri)+V r (R2))}], where "Ri"/is a first reflectance of a first cavity facet, 
from which a light is emitted/ "R2^s a second reflectance of a second 
cavity facet opposite to said first caV^tfy facet, " ot m " is a mirror loss, and 
"n" is a number of said at least quantum well. 



35. The semiconductor device as claimed in claim 34, wherein said 

/ 

semiconductor device has a cavity length "L" of not less than 200 
micrometers, and each of said first and second reflectances "Ri" and "R2" 
is not less than 80% and less than 100%, and said slope efficiency "S" 
satisfies S^L4/n(W/Ai 
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36. The semiconductor device as claimed in /claim 31, wherein said 
semiconductor device has a photo-luminescence peak wavelength 
distribution of not more than 40 meV 



37, The semiconductor device as claimed in claim 31, wherein said 
semiconductor multi-layer structure com#/ises a gallium-nitride-based 
multi-layer structure. 



38. The semiconductor device as yclaimed in claim 37, wherein said 
gallium-nitride-based multi-layer structure extends over a gallium-nitride- 
based substrate. 



39. The semiconductor device as claimed in claim 37, wherein said 

gallium-nitride-based muJtHayer^ ^t^ucture extends over a sapphire 
substrate. 




40. The semiconductor device as claimed in claim 37, wherein said 



gallium-nitride-based multi-layer structure extends over a substrate having 
a surface dislocation density of less than 1 X 10 s /cm 2 . 



41. A semiconductor J device having a semiconductor multi-layer 

I 

structure which includes at least an active layer having at least a quantum 

I ■ • ' 

well, and said active layer further including at least a luminescent layer of 
In x AlyGai- x . y N (0<x<l, 0^y^0.2), 
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wherein said semiconductor device has a slgpt efficiency "S" 
(W/A) which satisfies : 

S ^ 3X{a m /(12Xn)}X[{(l-R^ 

(■/" (R^+V^ (R2))}L where "Rj" is a first reflectance of a first cavity facet, 

/ 

from which a light is emitted, "R2" is a second reflectance of a second 

/ 

cavity facet opposite to said first cavity fa£et, " ot m " is a mirror loss, and 



"n" is a number of said at least quantum^well, and 

/ 

wherein a standard deviation of a microscopic fluctuation in a 



band gap energy of said at least luminescent layer is in the range of 75 meV 
to 200 meV 




42. The semiconductor device as claimed in claim 41, wherein a 

differential gain "dg/dn" pi said at least active layer satisfies 0.5 X 10-20 
(m2)^dg/dn^0.7 X lOfO ( m 2). 




43. The semiconductor device as claimed in claim 41, wherein said 

/ 

semiconductor device has an internal loss " Ot [" (cm-1) which satisfies a 
12 X n — (x m (cm*/), where " a m " is a mirror loss, and "n" is a number of 
said at least quantum well. 



44, The semiconductor device as claimed in claim 41, wherein a 

threshold mope gain of each of said at least quantum well is not more than 
12 cm-1. 
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45. The semiconductor device as claimed in claim wherein said 

semiconductor device has a cavity length "L" of not less than 200 
micrometers, and each of said first and second reflectances "Ri" and "R2" 
is not less than 80% and less than 100%, and sa^d slope efficiency "S" 
5 satisfies S ^ 1 .4/n (W/A). 



46. The semiconductor device as claimed in claim 41, wherein said 

semiconductor device has a photo-ljmiinescence peak wavelength 
distribution of not more than 40 meV. 



47. The semiconductor device as claimed in claim 41, wherein said 

semiconductor multi-layer stracj^re comprises a gallium-nitridc-based 

/ 

multi-layer structure. 




15 48. The semiconductor device as claimed in claim 47, wherein said 

/ ... 

gaUium-nitride-based multi-layer structure extends over a gallium-nitride- 
bascd substrate. / 

I; 

/ 

49. The semiconductor device as claimed in claim 47, wherein said 

/ 

20 gallium-nitride-based multi-layer structure extends over a sapphire 

f 

substrate* ^ 



I 

50, The semiconductor device as claimed in claim 47, wherein said 

{ 

gallium-nitride-based multi-layer structure extends over a substrate having 



Page 94 



Pf-2871/nec/us/mh 



a surface dislocation density of less than 1 X 10 8 /cm 2 . 



51. A semiconductor device having a semiconductor multi-layer 

structure which includes at least an active layer having at least a quantum 
well, and said active layer further including at least/a luminescent layer of 
In x AlyGai- x -yN (0<x<l, 0^y^0.2), 

wherein said semiconductor device/has a slope efficiency "S" 
(W/A) which satisfies : 




S > 3X{a m /(12 X n)} X [{,(4-Ri)/" (R 2 )}/{(l-v^(RiR 2 )) X 
(V~ (Ri)+V~(R2))}], where "Ri" is a firBDfeflectance of a first cavity facet, 
from which a light is emitted, "R2"/is a second reflectance of a second 
cavi, y facet oppose ,o saM flrSt ciy faC e,, -. m - is a mirr0 , ,oss, and 

"n" is a number of said at least quantum well, and 

wherein a differential ygain "dg/dn" of said at least active layer 
satisfies 0,5 X 10-20 ( m 2)^dg/dn^0.7 X 10-20 ( m 2). 




52. The semiconductor device as claimed in claim 51, wherein a 



standard deviation of a microscopic fluctuation in a band gap energy of said 

' / 

at least luminescent layer is in the range of 75 meV to 200 meV 



53. The semiconductor device as claimed in claim 51, wherein said 

/ 

semiconductor device has an internal loss " 04" (cm- 1) which satisfies a ^ 
12 Xn - 0L m (cm-1), where " a m " is a mirror loss, and "n" is a number of 
said at least quantum ^|ell. 
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54. The semiconductor device as claimed in claim 51, wherein a 

/ 

threshold mode gain of each of said at least quantum well is not more than 
12 enr 1 . 




55* The semiconductor device as claimed in claim 51, wherein said 

/ 

semiconductor device has a cavity length "L" of not less than 200 

/ 

micrometers, and each of said first and second reflectances "Ri" and "R2" 
is not less than 80% and lessAhan 100%, and said slope efficiency "S" 
satisfies S^1.4/n (W/A). 




56. The semiconductor device as claimed in claim 51, wherein said 

semiconductor device /has a photo-luminescence peak wavelength 
distribution of not more /than 40 meV 



57. The semiconductor device as claimed in claim 51, wherein said 
semiconductor multi-layer structure comprises a gallium-nitride-based 
multilayer structure. 

58. The semiconductor device as claimed in claim 57, wherein said 
gallium-nitride-based multi-layer structure extends over a gallium-nitride- 



based substrate. 



i 

i 
[ 

f 



59. The semiconductor device as claimed in claim 57, wherein said 

1 



•J 
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gallium-nitridc-bascd multi-layer structure extends oyer a sapphire 
substrate. 



60* The semiconductor device as claimed in/claim 57, wherein said 

gallium-nitride-based multi-layer structure extends over a substrate having 
a surface dislocation density of less than 1 X lQo /cm 2 . 



61. A semiconductor device having a semiconductor multi-layer 

structure which includes at least an active layer having at least a quantum 
well, and said active layer further including at least a luminescent layer of 
In x AlyGai.x-yN (0<x<l, 0^y^0.2 

wherein a threshold mod^gkin of each of said at least quantum 
well is more than 12 cm" 1 , and 

wherein a standard deviation of a microscopic fluctuation in a 
band gap energy of said at least luminescent layer is not more than of 40 
meV 



62. The semiconductor device as claimed in claim 61, wherein a 

/ 

differential gain "dg/dn" of said at least active layer satisfies dg/dn^l.OX 
10-20 ( m 2). 



63. The semiconductor device as claimed in claim 61, wherein said 

semiconductor device /has an internal loss " a j" (cm-l) which satisfies ol - x 
>12 X n - a m (cm-l), [where " (X m " is a mirror loss, and "n" is a number of 
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said at least quantum well. 



64. The semiconductor device as claimed in/claim 61, wherein said 

semiconductor device has a slope efficiency "S" (W/A) which satisfies : 

S< 3 X { a m /(12 X n )} X [{(1-Ri)/ ^ 2 )}/{(l-^ (RlR 2 ))X(v r 
(Rl)W~ (R2))}]> where "Ri" is a first reflectance of a first cavity facet, 
from which a light is emitted, "R2" is a /second reflectance of a second 
cavity facet opposite to said first cavity/facet, " a m " is a mirror loss, and 



"n" is a number of said at least quantum wclL 




65, The semiconductor device as claimed in claim 64, wherein said 

semiconductor device has a cavity length "L" of not less than 1000 
micrometers, and said first reflectance "Ri" is not more than 20%, said 
second reflectance "R2" is not less than 80% and less than 100%, and said 
slope efficiency "S" satisfies4 < 2.1/n (W/A). 



66. The semiconductor device as claimed in claim 61, wherein said 

semiconductor device/ has a photo-luminescence peak wavelength 
distribution of not more than 40 mc V. 



67. The semiconductor device as claimed in claim 61, wherein said 
semiconductor mmti-layer structure comprises a gallium-nitride-based 
multi-layer stmcture. 
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68. The semiconductor device as claimed in claim 67 7 wherein said 
gallium-nitride-bascd multi-layer structure extends over a gallium-nitride- 
based substrate. 

/ 

/ 

69. The semiconductor device as claimed' in claim 67, wherein said 

/ 

gallium-nitride-based multi-layer structure extends over a sapphire 
substrate. / 

/ 
/ 

y 

70. The semiconductor device is claimed in claim 67, wherein said 



5 10 gallium-nitride-based multi-layer structure extends over a substrate having 
J» a surface dislocation density of less/than 1 X 10& /cm 2 . 



71. A semiconductor device having a semiconductor multi-layer 

3 structure which includes at least an active layer having at least a quantum 

= 15 well, and said active layer further including at least a luminescent layer of 
* InxAlyGai-x-yN (0<x<l, 0^y^0.2) 5 

wherein a threshold mode gain of each of said at least quantum 
well is more than 12 cm- 1 , and 

wherein a differential gain "dg/dn" of said at least active layer 
20 satisfies dg/dn ^ 1 .0 X 1 0-20 ( m 2). 



72. The semiconductor device as claimed in claim 71, wherein a 

standard deviation of a microscopic fluctuation in a band gap energy of said 
at least luminescent layer is not more than of 40 meV. 
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73. The semiconductor device as claimed in claim 71, wherein said 
semiconductor device has an internal loss " a j' 7 (cm-1) which satisfies a [ 
>12Xn - a m (cm-1), where " a m " is a mirror loss, and "n" is a number of 
said at least quantum welL 

74. The semiconductor device as claimed in claim 71, wherein said 
semiconductor device has a slope efficiency "S" (W/A) which satisfies : 

S < 3 X { a m /(12 X n )} X [{(1-Ri)/" (R 2 )}/{(l-V r (RiR 2 )) X (/" 
(Rl)+7" (R2))}] 3 where "Ri" is a first reflectance of a first cavity facet, 
from which a light is emitted, "R2" is a second reflectance of a second 
cavity facet opposite to said first cavity facet, " a m " is a mirror loss, and 
"n" is a number of said at least quantum well. 

75. The semiconductor device as claimed in claim 74, wherein said 
semiconductor device has a cavity length "L" of not less than 1000 
micrometers, and said first reflectance "Ri" is not more than 20%, said 
second reflectance "R2" is not less than 80% and less than 100%, and said 
slope efficiency "S" satisfies S < 2.1/n (W/A). 

76. The semiconductor device as claimed in claim 71, wherein said 
semiconductor device has a photo-luminescence peak wavelength 
distribution of not more than 40 meV. 
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77. The semiconductor device as claimed in claim 71, wherein said 
semiconductor multi-layer structure comprises a gallium-nitride-based 
multi-layer structure. 



78- The semiconductor device as claimed in claim 77 > wherein said 
gallium-nitride-based multi-layer structure extends over a gallium-nitride- 
based substrate. 



79. The semiconductor device as claimed in claim 77, wherein said 

gallium-nitride-based multi-layer structure extends over a sapphire 
substrate* 



80. The semiconductor device as claimed in claim 77, wherein said 
gallium-nitride-based multi-layer structure extends over a substrate having 
a surface dislocation density of less than 1 X /cm 2 . 

81. A semiconductor device having a semiconductor multi-layer 
structure which includes at least an active layer having at least a quantum 

well, and said active layer further including at least a luminescent layer of 

' ^ I 

In x Al y Gai- x - y N (0<x<l, 0^y^0:2), 

/ 

wherein said semiconc^^or device has an internal loss "Qfj" 

(cm-1) which satisfies GL\ >12KnVxk m (cm-l) 3 where "a m " is a mirror 

, / 
loss, and "n" is a number of said at least quantum well, and 

wherein a standard deviation of a microscopic fluctuation in a 
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band gap energy of said at least luminescent layer is no/ more than of 40 
meV. 



82. The semiconductor device as claimed in claim 81, wherein a 

ji * 

5 differential gain "dg/dn" of said at least active layer satisfies dg/dn^l.OX 
10-20 ( m 2). 

T 

/ 

83, The semiconductor device as claimed in claim 81, wherein a 

/ 

threshold mode gain of each of said at least quantum well is more than 12 

i 

\ 10 cnr*. 



84. The semiconductor device as claimed in claim 81, wherein said 



= semiconductor device has a slope efficiency "S" (W/A) which satisfies : 

S S < 3 X { a m /(1 2 X n » X [{(l-Ri)^(R 2 )}/{(l-^(Ri R 2 )) X (7~ 

tj f 

F»" ^^^^ \ 

JS 15 (Ri)+v (R2))}]> where "Ri" is a first ^reflectance of a first cavity facet, 




from which a light is emitted, "R2" is \ second reflectance of a second 

/■ 

cavity facet opposite to said first cavity facet, " a m " is a mirror loss, and 
"n" is a number of said at least quantum well* 

/: 

20 85. The semiconductor devifce as claimed in claim 84, wherein said 

semiconductor device has a canity length of not less than 1000 
micrometers, and said first reflectance "Ri" is not more than 20% 7 said 
second reflectance "R2" is not less than 80% and less than 100%, and said 

* i, 
it 

slope efficiency "S" satisfies S < p.l/n (W/A). 

I 
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86. The semiconductor device as claimed in claim 8^1, wherein said 

/ 

semiconductor device has a photo-luminescence peak wavelength 
distribution of not more than 40 meV, 



87. The semiconductor device as claimed in claim 81, wherein said 

/ 

semiconductor multi -layer structure comprises ya gallium-nitride-based 
multi-layer structure. 




10 88, The semiconductor device as claimed in claim 87, wherein said 

/ 

gallium-nitride-based multi-layer structure extends over a gallium-nitride- 



based substrate. 



89, The semiconductor device ^Usjaimed in claim 87, wherein said 

15 gallium-nitride-based multi-layer structure extends over a sapphire 
substrate. 





90. The semiconductor device as claimed in claim 87, wherein said 

/ 

gallium-nitride-based multi-layer structure extends over a substrate having 
20 a surface dislocation density of less than 1 X 10 s /cm 2 . 



91. A semiconductor device having a semiconductor multi-layer 

structure which includes at least an active layer having at least a quantum 
well, and said active layer furttier including at least a luminescent layer of 
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In x AlyGai- x - y N (0<x<l, 0^y^0.2), 

wherein said semiconductor device has an internal/loss "af 
(cm- 1 ) which satisfies at\ >12Xn -a m (cm- 1 ), where "Ufa* is a mirror 
loss, and "n" is a number of said at least quantum well, ai 

wherein a differential gain "dg/dn" of said^at least active layer 
satisfies dg/dn ^1. OX 10-20 ( m 2). 



92, 




The semiconductor device as claimed in claim 91, wherein a 



Laura 

.7. 



standard deviation of a microscopic fluctuation in a band gap energy of said 
at least luminescent layer is not more than of 40 me VL 



93. The semiconductor device /as claimed in claim 91, wherein a 

threshold mode gain of each of said^t least quantum well is more than 12 



cm 



-1 



94. 




The semiconductor device as claimed in claim 91, wherein said 



semiconductor device has a slope efficiency "S" (W/A) which satisfies : 

S < 3 X { a m /(if X n)} X [{(l-Ri)/~ (R 2 )}/{(l-/"(RiR 2 )) X (/" 

(Ri)+v^ (R2))}], where "R4" is a first reflectance of a first cavity facet, 

/ 

from which a light is emitted, "R2" is a second reflectance of a second 
cavity facet opposite to/said first cavity facet, u & m " is a mirror loss, and 
"n" is a number of said' at least quantum well. 



95. 



The semiconductor device as claimed in claim 94, wherein said 
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semiconductor device has a cavity length U L" of not less than 1000 
micrometers, and said first reflectance "Ri" is not more/ than 20%, said 
second reflectance "R2" is not less than 80% and less tl^an 100%, and said 
slope efficiency "S" satisfies S < 2.1/n (W/A). 



96. The semiconductor device as claimed in claim 91, wherein said 

/ 

semiconductor device has a photo-luminescence peak wavelength 
distribution of not more than 40 meV. 




97, The semiconductor device as claimed in claim 91, wherein said 

/ 

semiconductor multi-layer structure comprises a gallium-nitride-based 
multi-layer structure. 




98. The semiconductor device/ acclaimed in claim 97, wherein said 
gallium-nitride-based multi-layer structure extends over a gallium-nitride- 
based substrate. 

/ 

99. The semiconductor device as claimed in claim 97, wherein said 

/ 

gallium-nitride-based multi-layer structure extends over a sapphire 
substrate. / 



100. The semiconductor device as claimed in claim 97, wherein said 
galHum-mtride-based multilayer structure extends over a substrate having 
a surface dislocation density of less than 1 X 10 s /cm 2 . 
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# 



101. A semiconductor device having a semiconductor multi-layer 

structure which includes at least an active layer having at least a quantum 
well, and said active layer further including at leasy a luminescent layer of 
5 In x Al y Gai- x -yN (0<x<l, 0^y^0.2), 

wherein said semiconductor device h'as a slope efficiency £< S 
(W/A) which satisfies : 

S < 3 X { a m /(12 X n)} X [{(1-Ri/)'^ (R 2 )}/{(l-V~ (RiR 2 )) X {f 

j 

(R\)+J~ (R2))}]» where "Ri" is a first reflectance of a first cavity facet, 

I 

10 from which a light is emitted, "R2" is a second reflectance of a second 

j 

cavity facet opposite to said first cavity facet, " a m " is a mirror loss, and 



"n" is a number of said at least quantum well, and 

wherein a standard deviation of a microscopic fluctuation in a 
band gap energy of said at least {Jiyfmssccnt layer is not more than of 40 
15 meV. 




102. The semiconductor /device as claimed in claim 101. wherein a 
differential gain "dg/dn" of said at least active layer satisfies dg/dn^l.0X 



10-20 ( m 2). 

20 / 

103. The semiconductor device as claimed in claim 101, wherein a 

/ 

threshold mode gain of each of said at least quantum well is more than 12 
cm -1 . 
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104. 



The semiconductor device as claimed in claim 101,Avherein said 



semiconductor device has an internal loss " ol j" (cm-1) whioh satisfies a. { 
>12><n - a m (cm-l), where " a m " is a mirror loss, and "n" i^ a number of 

said at least quantum well. 



105. 



The semiconductor device as claimed in claim 101, wherein said 



semiconductor device has a cavity length "L" of noy less than 1000 
micrometers, and said first reflectance "Rj/ T is not more than 20%, said 
second reflectance is not less than 80% and less tpan 100%, and said 
slope efficiency "S" satisfies S < 2.1/n (W/A). 



106. The semiconductor device as claimed in claim 101, wherein said 
semiconductor device has a photo-luminescence peak wavelength 
distribution of not more than 40 meV 



107. 



The semiconductor device as claimacf^n claim 101, wherein said 



semiconductor multi-layer structure comprises a gallium-tiitride-based 
multi-layer structure. 



108. 



The semiconductor device as claWed in claim 107, wherein said 



gallium-nitride-based multi-layer structure extends over a gallium-nitride- 



based substrate. 



109. 



The semiconductor device as claimed in claim 107, wherein said 
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gallium-nitride-based multi-layer structure /extends over a sapphire 



substrate. 



110. 



The semiconductor device as claimed in claim 107, wherein said 



5 gallium-nitride-based multi-layer structure/extends over a substrate having 
a surface dislocation density of less than l/X 10^ /cm 2 . 



.13=. 



; 3 



111. A semiconductor device having a semiconductor multi-layer 

structure which includes at least an active layer having at least a quantum 
10 well, and said active layer further including at least a luminescent layer of 
In x AlyGai. x . y N (0<x<l, 0^y^0.21 



wherein said semiconductor ytievice has a slope efficiency "S" 

(W/A) which satisfies : 

S< 3X{a m /(i2Xn)^X[{(l-R 1 )v r (R 2 )}/{(1-/" (RiR2))X(v r 

15 (Ri)+v r (R2))}], where "Ri" is/a first reflectance of a first cavity facet, 
from which a light is emitted,? "R2" is a second reflectance of a second 

cavity facet opposite to said first cavity facet, " a m " is a mirror loss, and 

/ 

"n" is a number of said at least quantum well, and 

wherein a standard deviation of a microscopic fluctuation in a 

/ 

20 band gap energy of said at 'least luminescent layer is not more than of 40 
meV. 



The semiconductor device as claimed in claim 111, wherein a 



112. 



differential gain "dg/dn" if said at least active layer satisfies dg/dn^l.0X 
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10-20 ( m 2). 



113. The semiconductor device as claimed in claim 111, wherein a 
threshold mode gain of each of said at least quantum well is more than 12 
cm- 1 . 



114. The semiconductor device as claimed in claim 111, wherein said 
semiconductor device has an internal loss "aq" (cm-1) which satisfies a j 
>12 X n - a m (cm-l), where " a m " is /mirror loss, and "n" is a number of 
said at least quantum well. 



115. The semiconductor device as claimed in claim 111, wherein said 
semiconductor device has a cavity length "L" of not less than 1000 
micrometers, and said first reflectance "Ri" is not more than 20%, said 
second reflectance "R2" is not less than 80% and less than 100%, and said 
slope efficiency "S" satisfies' S < 2.1/n (W/A). 



116. The semiconductor device as claimed in claim 111, wherein said 
semiconductor device -has a photo-luminescence peak wavelength 

distribution of not morejthan 40 meV. 

1 
1 

i 

1.17. The semiconductor device as claimed in claim 111, wherein said 
semiconductor multi-layer structure comprises a galliura-nitridc-based 
multi-layer structure. 
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airae\ i: 



118. The semiconductor device as claimed in claim 117, wherein said 

l 

* 

gallium-nitride-based multi-layer structure extends over a gallium -nitride- 
based substrate. 



119. 



The semiconductor device as claimed in claim 117, wherein said 



gallium-nitride-based multi-layer structure i 
substrate. 




tends over a sapphire 



120. The semiconductor device as clainfed in claim 117, wherein said 
gallium-nitride-based multi-layer structure extends over a substrate having 
a surface dislocation density of less than 1 X m & /cm 2 . 
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